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ABSTRACT

1. Preparing Institutfons Baylor Universit; College of Medicine, and
Jefferson Davis Hospital, Houston, Texas

2. Title of Reportr A Study of the Effects of Total and Partlal Body Radiatios
on Iron Metabolism and Hematopolesis

3. Principal lnvestigatorss Vincent P, Cnllins, M.D., C. T« Teng, M.D.,
Walton D. West, M,.Sce

4, 27 pages, 23 illustrations, March 13, 1938
8. Contract Numbers DA-493-007-4D-428

6. Supported bys Research and Development Divislon
Office of The Surgeon General
Department of the Ammy
Washington 25, D. Ca

This raport deals with the following aspects of the investigation.
1. Posinetry.

1. Calibration procedure
2, Partial body radiation dosimetry AN
3. Total body radiation dosimetry '

4, Integral dose calculation -
%« Oscillometric technics : e . . .

PR
T .
LB

11.  Badioiren Studies on Hematocolesis T S
1. In vivn technic for tagging scrum irom Tl
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»
aat

2 Studles of hematologic disorders :"T.{'.:, L “:l:“~‘::'j1
“tudies of cancer patients receiving partial body radistiom > : “'
tudies of cancer patients recelving total body radiation . ﬁ{‘_,:., f“_..,w_._,.xw
‘.\A\"‘\ |' .. \“\C
115, Effect of Irradiated Blood on Hematopoiesis iy o i
1. Irradiation of blocd in extracorporeal circulation ,.t;l’, oy
2. Transfusion of plasma of animals previously subjected to extracor- i }
poreal irradiation of blood into normal animals. A -
3. Transfusion of irradiated plasma in normal dogs ® o o
4, Autotransfusion with irradiated whole blood in normal dogs RN
S. Autotransfusion of irradiated whole blood in human cancer patient : PP
with microcytic aneaia ) IR
V.  Lethal Total Body Radiation in Dogs i RS
_ v, i P 0 ; .. ’ﬂ_‘j
NOTE:s Coples of this report are filed with the Armed Services Technical ' RS
1 Information Agency, Document Service Center, Knott Building, Dayton i el A
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1. Dosjmetry
1.A. Calibration of the 2 MeV radlation unit {Van de Graaff generator)
used in this study.
8. A monitoring lonization chamber, located in the head of the

Van de Graaff generator records the output on a curulative r—nmeter which 1s

located nn the control panel. .

b. The cumlative r-meter is calibrated agalnst a high energy type
621 Victoreen chazber. The output in air as measured with the Victoreen
chamber at 81.7 ca. with a 10 x 10 ca. field size at this distance is arbi-
trarily called 100 per cent for all dose determinations.

c. The cumulating r-meter is checked against the output as measured
by the lonization chamber at the treating distance of 81.7 cm., for daily
control of routine partial body radiation procedures and is also checked
before each total body radiation procedure.

d. The per cent of output ir air at the axis of rotation Is checked
before each total bady procedure using the rotating ;ha!r.

1.B. Calibration of the 220 KV radiation unit {Westinghouse C. P.) used

in previous studies is as followss

2. A model 70-3 Victoreen medium energy chamber is used. The ocutput
measured in alr at a distance of 50 cm. and with 2 10 x 10 cm. fleld is urbi~
trarily called 100 per cent (for a given filter and m.a.)

b. The output 1s checked daily and the time for a prescribed patlent
exposure for partial body radiation determined accordingly.

c. For total body radiation carried out with this unit, the exposure
is measured with the Victoreen at 300 cm. at the surface of a phantom. This

is exposure in alr plus backscatter,
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. Both che Ho E. and M. E. Victoreen chambers are checked against a

’ radium source standard.

. 2. Partial body radiation

' The calibration value for output in air as above descrided for the
respective machines is taken to be one hundred per cent. The values for
skin, tissue or tumor dose are routinely determined by use of isodose curves
in which all values are expressed as a percentage of this standard calibratlon
value.

Depth dose or shsorption studies are carried out with either a press-

e wood or water phantom using both lonization chamber and flla densitoceter
methods.

For the innization chamber method, we use seni-rezote control equipment
which permmits multiple or contiruous measurements to be =made without turning
off the x-ray unit.

For the film densitomelzr method, a specially designed presswood phantoa
permits simultaneous exposure of films placed at different depths in the
phantom. Also, a specially designed densitometer permits rapid scanning of

the exposed film for gquanitization.

Partlal body radlation dose 1s expressed in roentgens dsllivered in a

D stated elapsed time, a2 single value for the amount of radlaticn at the tumor

‘S

P site. Such a single value is meaningful only for purposes of prescription

; !

r_.... and comparison if known conventions are being followed. Our records include o——

!
t{-‘ii dimensions and dose distributlon diagrams for re-evaluaticn at a later date, . K ]3
:'; '.f‘ e.0., to translate roentgens to rads or to integral dose. RAIEREREY "
;.“..." s \ T ','\". ‘ |
b .‘ 3. Total body radiation ® ®

[ The geometry is dictated by the dimensions of the treatnent rooa and the \j; i 1
b S T
t : output of the machine, The treating distance must be great emcugh that the o - ‘.':3
s entire patient is included in the dl/erging beam, It must be short enough t‘;-;
. . e e
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;‘ that the output and the time necessary to complete the treatment is puctfcal

and consideraze of the patient.

A. With patfient stationary in the beam of radiation.
When to%al body radlation is carried out with the 220 KV unit, the

maximum target-patient distance 1s 300 cm. With 1 mm. Cu. and 1 mm. Al added

filtration, the Hvl. in tissue is 11.6 cm. (Fig. 1). The output is 2.3 r
par minute,

The patient is customarily treated while lying on his side on a stretcher
facing either to or away from the x-ray machine. If only a single dose of
radiation 1s planned, half the exposure will be made to the anterior aspect

of the body 2ad half to the posterior aspect. If multiple small doses of

-t e - e —————

radiation protracted over a perlod of time are planned, then the patient may

HRSS AP - R A — MO
-6 . . B : S . - ‘
PR i .o A . .

be treated anteriorly and posteriorly on successive treatment visits.

&

For 2 million volt radiation, 111 or weak patients may be treated in a

stationary position, lying on a stretcher as above described. Treatment will

i A

ATAAREOICE

f' be carrlied out at 400 cm. distance where the cross section of the beam has - :_;\
}‘ 2 maximm dimension of 120 cms The output at this treatment distance is kY :;;”3
4,% r measured in air. x f};i:

e T

For both 220 KV radlation and 2 MeV radiation, when the patient is

PO SR

treated In the stationary position, the dose is recorded as the dose at the
surfice of the patient plus backscatter. Dose is recorded in this manner

because initial measurements are made in this fashion with a phantom and dose !!. e

4
. o P
. coete e,
i AP
S, PR
P L
e AL & & a2

can be checked during treatment with an ionization chamber in place on the
ocatient®s skin,

B. Total bedy radiation with the patient rotating in the beam of radiation.

T v v vy r;rvri *F'YW’V'_T‘erYr), .
- T R T T T T PR

This precedure is carried out only with the 2 MeV x-ray generator. The

- .

patient is seated on a light rotating chair with the axis of rotation 4 meters R,

. ———

from the tube target of the x-ray machine. The rate of rota’lon is one revo-

. -
~

lution per minute.
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For this procedure, dose is recorded in roentgens, measured ia alr, at
the axix of rotation, The chief justification for this is that the measure-
ment can be duplicated and the exposure can be similar for diffeient patients,
The dzta is available for a more meaningful expression of dose to patieat

when agreement is reached on thls aspect,

4, Integral dose
A number of published and unpublished methods have been evolved for

estimating integral dose in radiation therapy. The dataare usually preseated

in graph form a¢ a plot of gram-roentgens / roentgens measured in air / sware

centimeter of body presenting, against the thickness of the part of budy

rwy oo

being irradiatsd. Such graphs are prepared for a given quality of radiation

and are valid undar restricted conditions. The approximations lnvolved are ﬂf??V-

plausible for large fields and large target-to-patient distance as obtain with ff”?:

total body patients. Such a curve for 2 MeV quality x-rays 1s included (Fié. 2). ;;;::;
Direct calculation oi integral dose for total body radiation would ?,

require an impractical number of measurements and assumptions. The solution

T
,

we have derived is based on the approximation that body welght averages one

gram per cubic centimeter. Particularly for rotation therapy, thickness of

patient can bes expressed as an average value,
Then, ~ hxtxt=V or t= { v/

Where, = t = thickness

h = height .
V = volume or weight in grams ;f}
-
ht = area of body surface presenting toward the x-ray source. ft
——uad

This 1s the area in square centimeters, This number multiplied by

. .
el

;

i

EPRRURY

N (gram-roentgens / roentgen of exposure in air) is the

ordinate in the graph in Fig. 3.
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The integral dase 143 =h 2 t x ! x E gram-roentgen / roentgen alr
dose at axis of rotation for the 2 MeV vunit.

Here E 18 a factor which corrects for the fall-off of beam intensity
toward the edgis and compensates for loss of ensrgy scattered from the
patient.

The total integral dose (I;)

Ig=hxt xNxExRgm 7
R = the numbexr of roentgens given to air or surface as dictated
by the conditions for which the graph was computed,

The procedures for integral dose then, ares
1) Te gr. r / r / cn? v.s. t graph s constructed by uss of the expression -

1=1.489xAxd}(1+5K xd}/F+ 000)
Yhere, - D =1 roentgen
A=1 ca?
d} is found experimentally
R and F are known
1 is susmed up from O thickness to t.
2) It =hxtxNxExR gn. 7o
3) I =hxt xNxExR xQ rads - Q varies with quality of radiation bean,
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In six subjects in whom the iivivo and the in vitro tagging techniques
have been carried out on the sane day, we have demonsirated to our own satis-
faction that the plasma iron disappearance curves are identical in slope and
the dilution volumes agree within ¥ 5%. These results are summarized in
Table 1,

Using the simplified in vivo tagging technique, normal subjects were
studied in the following marner.

a) Two studies were carried out at cevaral weeks or months interval ia
16 subjects. The variation of the rate of plasma iron disappearance was
.sund to be within T 30X. One example is shown in Filg. 4.

b) Three conszcutive measurements of plasma iron disappearance rate in
12 hours were czrrled out in 6 subjects. The variation is within 3 3%, One
exampls *s shown in Fige Se

2. Studies of hemotologic disorders,
Several hundred studies have been carried out in patients with various
hematologic disorders. Sevaral cases of speclal interest wzerit presantation.

Case 1, S. S. ‘W/‘l.= Age 70 H3234-P

Historys This patient was found to have pernicious anenia while she was

being treated for obstructive jaundice in hospital., Radlioiron turnover studies

wers proformed before speciiic therapy was instivted, during vitamin B)3 therapy S

: k]
when the patient was making a satisfactory recovery, and after complete remission -Q . '

N

was obtained. The pertinent daia from these studies are summarized in Table 2,
Comments The purpose in presenting this case is only to illustrate the

sensitivs and pracise relation between iron metabolism and disease that can be

demonstrated by radiolron studies. Radloiron studies neasure iwo ratess the
rate of plasma iron disappearing from the plasma iron pool and the rate of in~-

corporation of iron in the red cells. The first is an indirect and the second

- - . e R P Y . N . . R
=, et o .- " . v - N - - o -~ - ~ . .
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2 direct measure of the functional status of bone marrow erythropoiesis.
Ordinarily these two rates are parallel, Thus, they are both increased in
anealas due to iron deficiency or blood lost and in polycythemia. On the
other hand, they are both decreased in anemias due to bone marrow hypoplasia
of whatever etiology.

In perniclous anemia, as in the case presented here, the rate of dissp-
pearance is increased while the rate of incorporation is decreased. This
paradoxical dissoclation is a reflection of the basic pathophvsiology of
pernicious snemia, namely maturation arrest and inability to incorporate iroen
in the final steps of erythropolesis.

The remarkab)e speedy hematologic recovery following vitamin Blzithorapy
is sccompanied by the development of a rather marked degree of hypoferremia,
As the maturation process is returning to norzal, the utilization or incorporation
of iron 1s greatly speeded up. This lowers the serum iron concentration which
in turmn furthor stimulates the rate of serum iron disappearance.,

¥hen the patient has achieved complete remission with the additlon of
iron therapy, normalcy of exythropoietic functicn 1s reflected by the results
of the third study.

From the physiologic point of view, these studies with radioiron have
provided information accurately protraying the pathologiec distrubances in
pernicious anemia and the physiologic adjustzeat in response to vitamin B)2
and iron therapy.

Case 2. O. S. Mexican/ Age 15 #CE-9229

This patient was admitted to the hospital with a diagnosis of congenital
heart disease involving tricuspid valve and a probable right left shunt. He
had intense cyanosis since birth and chronic congestive fallure on and off

for several years. ‘lematologic studies revealed a marked degree of secondary
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polycythemia, Radioiron study showed markedly increased rate of disappearance,
8 rapid incorporation of serum iron and a lower plasma iron cqncontratlon.
consfistent with polycythemia. These data are summarized in Table 3 and Figures
6and 7,

Case 3., M, B, WAL Age 28 HCH-1166

Historys This patlent was admitted to the pollo ward as a case of paste
polio hypoventilation syndrome. One year previously he had had acute anterior
poliomyelitis with muscular paralysis involving the diasphragm ard below. He
recovered sufficliently to become ambulatory after 3 months hospitalization and
went to Mexlco City to live with his sister. As he increased his physical
activities there, he soon developed marked cardiac and respiratory symptoms with
the findings of severe secondary polycythemia, After 3 weeks treatment, his
symptoms gradually subsided, even though the hematologic evidence of polycy=-
themia was unchanged. These are shown in Table 3. The radioiron study performed
at this time, 3 weeks after admission to the hospital, seemed at odds with the
peripheral blood picture. There was a normal disappearance half time and a
narkedly decreased rate of red cell uptake. These data are shoen in Figures
6 and 7,

The patient continued to improve, His vital capacity incressed to 2600 ce.
and his polycythemia subsided completely in the course of 6 weeks of observation
following the initial studies. These data are also shown in Table 3,

Comaents These two cases of secondary bolycythemh are presented together
to demonstrate the usefulness of radloiron turnover studies in detecting the
distinguishing significant variations in iron metabolism in hematopoiesis, The
degree of erythemia in these patients as revealed by the red cell counts and

hemoglobin levels is quite similar, Radioiron studies In the boy with cyanotic
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congenital heart dlsease are in order but the findings in the second patient
soem quite incompatible with the degree of erythremia which was present.

However, the patient had been at rest, at the sea level altitude of Houston,

and in a respirator for 3 weeks. The stimulus of anoxia and the demand for

increasecd hematopoliesic had been withdrawn, The normal disappearance half

time and ‘he sluggish red cell uptake of serum iron indicate relative fnactivity

of the bone marrow, even though it was six weeks Lefore the hematologic ab=

normalitios finally returned to normal levels. From a prognostic point of

view, the tracer iron study anticipated the eventual recovery six weeks

prior to recovery.

These case studles are presented here to show the remarkable sensitivity
of the radio-iron study In detecting functional changes of erythropolesis which

generally antedate changes in the numbers of red cells or the concentration of

hewmoglobin by several weeks as measured by the more conventional methods of

study,

3. Studles of cancer patlents receiving partial body radiation.

The effects of 1imited-field roentgen therapy on the plasma iron disap-

pearance rate has be2en studied in many of our cancer patients treated at the

Jefferson Davis Hospital. In these studies, the plasna iron disappearance

rate of individual patients was deternis:id before the coamencenment of radlotherapy

and repeated after the conmpletion of the prescribed treatment. The results of

these two studies are compared, the pre-treatment data serving as the norm in
sach individual case.
The data from 38 patients are summarized in Fig. 2. The effect of

radiation on plasma iron disappearance half time is expressed as per cent of

the norm, or the pre-treatment dissppearance half time. This is plotted against

the sbsorbed dose of radiation in megagram-rcentgens. A consistent correlation
1s not found,
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4. Studies of cancer patients receiving total body radistion.

Two groups of patients receiving whole body radiation have been studies,

e aterah . AL

;

.
. PRI R
. t P
N P A

I
)

’ 0
aa

1) In the first group of p:tients, the plasms iron disappsarance rate or -
half time was determined before whole body radiation was given and repeated ~::'_ l_"_-i »‘;::':

on several successive days. Tho post-radiation changes are expressed as v A

per cent of the pre-treatment half time. This group consisted of 17 patients 7 ‘ \J

receiving 200r in 1 treatment, 2 patients roceiving 2 treatments of 200r at '—.—-. «1
E 3 and 3 week Intervals, 1 patient recelving 200r and 1003 with S weeks interval, = . j
; ' 2 patients receiving 3 treatments of 50r, 1 patlient receiving 10 treatments . j
E of 33z, and 3 patlents receiving 100, 125, and 130r respectively. The results o d
; . are shown in figure 9, 1
.“"; It 1s apparent that in all except one patient there was a slowing of the )
F[TD rate of plasma iron clearance, The effect appsars to be maximal between 48

and 72 hours after the exposure and is followed by a return to normal in about
E one week.
‘,b;:: In this study it was not practicable to measurs the maturatlon time or

the rate of red cell uptake, tecause of the consecutive administration of

J or 4 tracer doses within 3 to 7 dayse.

Normally a major portion of plasma iron leaving the plasma pool goss to

» 47 .’,

;; the bone marrow, and the rate of clearance is for the most part governed by the \
L. functional requirement of erythropolesis. However, the plasma iron pool is alse { u_!__-_g
h N in equilibrium with the storage depots, and plasma iron may be shunted to the N J
{ liver or tpleen at increased rate under certaln conditions, such as infecticus 1‘
;‘ff diseases. Further, as shown in the case of pernicious anemia presented above, :
K

g the disappearance of plasma iron, while suggestive of bone marrow depression,
:: 1s therefors not conclusive evidence unless corroborated by parallel changes in

red cell uptake.
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2) In the second group of five patients the effect of whole body radlation

upon the uptake of tracer iron by red cells was investljated. These patlants

received 100r at one session. Because of the transient depression occurring

between 2 = 3 days after radiation demonstrated in the first serles of experi-

ments, the radloiron study was carried out around this time. The red cell uptake

was repeatedly determined in a period of two weeks following administration of

the tracer. The results are shown in Fig. 10. The tatal uptake was not af=-

fected. The maturation time was likewlise within norsal limits.
Comments Several possible explanations may be offered for these negative
results,

1. With the amount of radiation (100r) given to thess patients, there

may have been no effoct on iron metabolisam or erythropolesis.

2, The effect of radiation may not have developed curing the perlod of

observation - 2 weeks post-radiation. The short term observation was chosen

in an attempt to detect if there was any functional adwormality in an early

phase before the development of recognizable anemia, For total body radiatlon

of the order of 100r, no early effect is apparent in utiliration of iron in

red c¢ell manufacture.

3. Factors other than <ose and timing may influence ur obscure the effects
of whole body radiation on Sron turnover patturns for patierts with advanced

malicnan* disezses and various complications. Many of these patients have

varying cegrees of mainutrition, anemia, sr insufficiencies in hepatic, renal,

or cardiac functlons which .uy be subclinical and difficult to evaluate. Thelr

total infliance oa erv+h-opoiesis (or any other 'ody functien) may be appreciable

but seldem quantitatively aeasure-ble in a controlled sanner,
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g I11. Effect of Irradiated Blood on Hematopoiesis e A
? l. Irrediation of blood in extra-corporeal circulation. : »uijf S
This procedure was deacribed in the report subaitted for the period .;;i;h-.,j; ;éj
¢i.ding September 1, 1957, " o F. B .j
In the course of studying the effects on circulation in the dog, of ::* *;:l;n;.' .

v e

ST YORRDINIIEN VI

heart-lung preparation, advantage was taken of the opportunity to irradiate ERHR
intensively the blood of the animal as it was circulated gutside the body,
In 10 animals so studied the white blood cell count showed an initial depression -

during the first 2 hours, followsd by recovery and elevation beyond normal

for some weeks. This prolonged elevation was not seen in animals suhjected

-
. }.

to trauma of the extra-corporeal circulation without irradiation, v -

3

2, Transfusion of plasma of 5 dogs previously subjected to extra=-corporeal

-
[ . R
. .. VR . o
. A.;,_J._L.__-ﬂ_-‘r.h_; b e

irradiacion of blood into normal dogs. - N
Five dogs were subjected to irradiation of blood in extra-corporeal NS
¢irculation, Blood was withdrawn by cardiac puncture into glz2ss transfusion
bottles containing 120 cc. of A.C.D, anticoagulant and stored in refrigeration
until used. The plasas was separated by centrifuging and withdrawing by vacuum
into 290 cc. plasma transfusion bottles., This plasaa wsas then given intra-
venously ints 5 normal dogs and observations made on white blood cell count,
red blood cell count and hamoglobin over a period of 150 days, o
The white blood cell count showed an immediate depression {Fig. 11) l SR

followad by a rather erratic rise beyond pre-treatment levels, A longer period

AR AN SRR AN i
-w
[, Al

E;P ot observation before transfusion might indicate whether tha observe. flu.'.tuatiom.{:“_\

& were 3ignificant but the first impression is that no clear effect on white biocd SRR j\j}
K cell count resulted from transfusicn with plasma of dogs who received extra=- l ) ) ;,
t corporeal blood irradiation.
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" The response of red blood cell count (Fig. 12) and hemoglobin (Fig. 13) j
| showed a change that was sufficlently consistent, marked and prolonged to \ v ’\ 3
morit close study. All dogs showed an slevation of red blood cell count of : . “. .

30 to 100 per cent, and of hemoglobin of 15 to 30 per cent above pre-treatment | f_-_:{;%:._‘ |

levels persisting for a period in excess of 3 months, :.‘*-'::':::“‘:'f - j

When these dogs had been under observation for 24 to 69 days after ;': - ° ‘ 'q

receiving the transfusion of plasma, radiolron turnover studies were dcne, l : ; J

Two control dogs Disappearance half time Incorporated into RBC l

8 days 14 days
n 38 min.

|
'

?) 41 min. ST e

R
@
e
@
AT YR

five dogs recelving plasma
from extracorporeslly
irradiated dogs,

, e s
e el ]

re

1 24 days after Rx 92 min, T2,4% 74.% s o
#2 40 = v v 57 min, 74.4% 83. %%

et

#3 4 ° . " 70 min. 80.9% :) W 4

®
A_.l‘_!_‘ Pa—

ke 6 * = 57 ain. 91.8% 94. €%
H 69 * « = %8 min, 8% . 4% 93.% _,_,_ *._*
The prolonged disappearance half time in assoclation with a persistent - y .
elevation of red blood cell count and hemoglobin xesembles the picture en- :.};‘_‘-‘k.‘v:::;t‘:

countered in patients recovering from a secondary poiycythemia, : :Q , “.'

. . . I'_
. A Lt et . PR ST R
- - oy Y law B - -

3. Transfusion with irradiated plasma in normal dogs,

For reasons of convenience, observations were made to determine whether :ﬁjf-f{ R - -

-_,,4
g oy w_w .-,-‘ R ST LA T TS . .
Wt S . .

,

simple withdrawal of blood, irradiation of the withdrawn blood and transfusion

intoe a second dog of the separated plasma would produce a similar elevatloan

of red blood count and hemoglobin values,
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The steps in the procedure weres

1) Cardiac exsanguinatien

2) Irradiation of the withdrawn blood to 106,000r

3) Separation of piasma after 24 hours * - . ;’ -

4) Transfer of irradlated plasaa to a second normsl doge ) \

The results of this procedure in 3 dogs is shown in Pigures 14, 195 and -“j

16. The red cells and hemoglodin values again show consistent elevations -.A ~ K . ‘ i

persisting for over 3 months. » B 1

: T

4. Autotransfusion with irradiated whole blood in normsl dogte . . i

The procedure here was «s followss [ . »‘1

1) Arterial blood withdram by cannula from femoral srtery _ _' l

2) lmmediate irradiation of withdrawn blood to 15,000r (20 minutes irradiation) T :

3) Autotransfusion begun within one hour of initial withdrawel of blood. . i

One of these animals (#9) lost 200 cc. of blood when the arterial cannula * ~ .*

was dislodged and autotransfusion was carried out with 320 cc. of irradiated R o B '

blood. There was an initial fall of red blood cell count within the first Lo

24 hours, followed by a rise (13X above pre-treatment level) at 3 days, with ;w_*..w.__.J

3 gradual return to normal at 5 weeks. The initial fall in hemoglobin at 24 o ' ‘. 7111

hours was followed by a rise to %X above pre-treataent level at 48 hours, with :

a gradual return to normal at S weeks. he second dog (#10) showed s marked LT :

elevation of red blood cell count and a persistent slight elevatlon of hesoglobin , L '._ L q

above pre-treatment levels. These data are shown 1n flgures 17, 18, and 19, \ - j;;'l

5, Autotransfusion with irradlated whole blood in human cancer patient -~ st - *

with afcrocytic anemia. -. . .‘1
Case 4. B. B, C/M Age 71 HDE-3369

Historys This patlent first came to the hospital in 1956 complaining of :

) : . A .3

e T

i o o .




1T ’

swelling of his abdomen. He was found to have a filling defect on the greater

curvature of the stomach, presumed to de a neoplasm. Peritoneal fluid showed

probably malignant cells and s mass could be felt through the abdominal wall. T -

Radiation therapy

@
®
..

October 29, 1996 - 100 mc. radiogold instilled in peritoneal cavity.

*

February 28, 1937 - 100r total body radlation {rotation technic, 2 Me¥ oo
Van de Graaff).

T
»
A e

e e
July 30, 1957 - 148 mc. radliogold instllled in peritoneal cavity.

’ January 30, 1958 - 500 cc. of patient's blood was withdrawn under sterile

conditionsg tt . blood was irradiated by the Van de Graaff machine to a level

!
. ’ .
e T v -
-;‘ mla a 4__A_'A».-LA,A. -

of 3,000r (measured at surface of the blood in the container).

The blood was e o -5
¢ then re-transfused to the patient. B ]
Clinical courses Following the first instillation of radiogold in the {
.l
peritoneal cavity, the patient did not require paracentesis for {ive months. . - i‘
) e
After recelving 100= ¢otal body radiation, there were no untoward symptoms, R SR
N .‘: i LR * 1
the hospital course was uneventful and he was discharged 3 days after treatment. S T ‘
The pre-treatment level of white blood count ranged from $,000 to 7,000 per D J‘
® . B P RS
cubic millimeters after total body radiation it was 3,000 to 5,000. Fluid e o
gradually re-accumulated and the patient required further paracentesis, The o - W‘
second adninistration of radiogold had much less effect in accumulation of : ]*
o
ascitic fluid than the first instillation. In September 1937, the patient was o o
. o !
admitted to hospital and an exploratory laparotomy was done. Blopsy of peritoneal R q‘
seodings showed mucinous carcinoma, probable site of origin in colon. Following - }
N Lt . ) \
this, there was again slow accumulation of ascitic fluld but hc did not requlre T E ,3
paracentesis. ’-_ . ;.,_ ...
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In the six months prior to the autotransfusion, his hemeglobin had not
been recorded asbove 9.9 gms. per cent and was 7.7 gus, per cent at the time of

I T e
PR Tt
.- S LIRS P

transfusion. After transfusion, his hemoglobin rore to 10 gms. per cent in

12 deays and his white blood cell count roce to the gonral level between

N ar
n ’l -

5,000 and 7,000 per cubic millimeter. His red count varied between the pre-
treatoent levels of 3,560,000 to 4,200,000 during the two weeks following
transfusion. By the time one month had elapsed, the hewoglobin had fallen

back to 9.3 gas. per cent and the white blood count had again fallen to the
’ previous level of 3,(00 to 5,000 per cubic millimeter (Fig. 20).
Cooments The prompt rise of 3 gms. per cent of hemoglobin, and of the
white blood count to original levels for the first time in over a year, merits

|
|

¢
’

further study. This may well be a non-specific reaction associated with auto-

transfusion procedure or it may be a rosponu.td an altered plasma fraction

as 8 result of irradiation. There is need to coampare the effoct of unirradiated

autotransfusion. If further autotransfusions %o hu=z:n subjects sustain the J

e
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interest in this effect, plasma electrophoresis or assay of the various plasma

A
s
1'7'
‘

B fractions can help to Isolate the responsible facter. ’ - J
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i‘ V. Lethal Total Dodv Radiation in Degt.
‘k? Purposes To find a uniformly lethal dose of irradiation in dogs which
E\, could be relied upon to destroy completely the bone marrow for the subsequent
purpose of giving heterologous bone marrow transplants.

Materialss Dogs were selected In the weight range of 8 to 14 kilograms,
Bone marrow and peripheral blood specimens were obtained before irradiation
and the dog was then given total body radiation on a rotating platform with

the 2 MeV Van de Graaff. The dogs were ti.en subjected to bone maryow and

peripheral blood tcsts immediately following radiation and at 24 hour intervals
for the remainder of 1life.

Dosages The first group of 3 dogs were Jiven 150r, 450r and 600r

i

¥
F:
r_j
V.
b
F
rh
%
b.

b

respectively (2 MaV 4irradiation, inherent filtration, 6.8 ma Pb., treatment
distance 3 meters, Hvl. Z0 cm. tissue). At ten days all were alive and only
the one with 600r showed evidence of the irradiation. This was manifest by
s gross bleeding tendency around the gums and tongue and a fallure to heal
with slough of an a2rea of hematoma cn the left hind leg at the site of the
vens puncture, This dog was sacrificed on the eighth day and still showed

active bone marrow, The other two dogs remalned well. The one receiving 150r

was discarded. The dog with 450r was sacrificed on the 9th day and the spleen

and adrenal glands wers sent for sections as yet unreported,

} The second group of three dogs were all given 1,000r. One of these died R _ 0
- during anesthesla. The other two died within 3-4 days of intercurrent infection. L‘ . T ? : .'
ix.‘ . . '- v Yo -.“:. R
t.?_' The bone mariow and peripheral blood counts on these dogs showed only minor N

v deviation dowrsard within the period of their lives. At death there were still /]

L‘.

P @a.y foras of apparently viable cells in bone marrow. It was felt, however, )

L that th« dose of 1,000r was too high. R A
b . - . . . -."
. SRR
b -
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The seventh dog received BOOr in the same manner with factors as followss

l 2 MoV radistion, inhersnt filtration 6.8 mm. Pb., treatment distance 2 meters,

' Hvle 20 cm. tissues, celivery rate 17r per 10C metered. This dog lived 9 days.
Bone marrow findings can be summarized as followss

1. Almost imsediate disappearance of all lymphoid elements within two days
of total body radiatisn,

2. Gradual diminutica in the granulocytic elements and erythroid elements to . o
the time of death. 1
y 3. Evidence of remaining active blood forming cells at the time of death. .
Comments Death of all the animals seemed to be a combination of hemorrhage ' - !’ ]
and infection., These animals were not given antibiotics during the course L | ".;..-
of the study so as not to preclude any clouding of the results. jitiE'_i
Although there were active blood forming cells found at death, these et : j
may well be non~viadble cnes soon to die. With the bleeding and infection, . . 1
death may have occurred befora actual aplasia of the marrow. In further b

1

ot L
el

observations on lethal dosas of total body radiastion, an attexpt will be

[
i

, made to sustain the alzal by antiblotics and supportive treatnent so that rei-

maximum depression of btecne marrow can be observed,

There was one further dog lrradiated with 800r (rotation method, 2 MeV

R Ca e

s, 0 St

e o,

e
SRR

radlation, inherent filtration 6.8 rm. Pb,, treatment distance 2 meters, Hvl,

20 cm. tissues). Results in this dog compare in all but two respects with the

previous dog. 1) The crop In white count was not evident until after the first
al day following irradiaticn but fell to 133 at the time of death on the 10th day.

2) There was no evidente of immediate rise in platelet at the end of treatment,

The elevation in hemoglodbin and red count, and the duration, were the same 3s

the previous dog. Response of both animals is illustrated in Figure 21,
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V. Clinical Observations on Patients Receivina Total Body Radiation.
In reviewing records of patients who have received total body radiation,
there have been instances where the effect of an amount of radiation, believed

well within the limits of tolerance, has been excessive or augmented by other

factors, The question whether this {s an inherent difference in sensitivicy

or resistence to radiation or whether this is the result of concomiiant disease

or constitutional condition which increases the sensitivity to radlation re-

mains unanswered in most cases. Two examples of this are outlined in detalled

case histories.

Cese 5. I. S. WM Ages B85 HAE~£24)

History:s This elderly but vigorous independent farmer had a submandibular

rass for about one year before it was finally diagnosed as lymphosarcoma,

lymphocytic type on October 18, 19%. By this time he had developed a generalized

lymphadenopathy; bone marrow studies were within normal limits and showed no

lymphosarcoma. His hemoglobin was 10.3 gm. per cent, WBC was 4,000 at this

time. Because the patient had to travel some 40 miles to get to the hospital,

dr'ving himself in a farm truck, his treatment schedule was somewhat irregular.

Radiation therapys October 30 - Movember 9, 1956 -~ Local treatment to the

right inguinal region and to tha left axilla, 350r skln dose to each site {250Kv
radiation, Hvl. 3.2 mm., Cu., field size 10 x 15 cm.). Jsnuary 14 - July 22, 1957
total bady radiation, 241r total. This was given in 17 treatments of 10 %o 20r

each {the first 3 were 10.5r each and the last 8 were 10.5r each and the other
6 were 21r each), irreqularly spaced through this period. (This total body

radlation delivered at 220 Kv., Hvl. } mmn. Cu,, treatment distance 300 cm.,

outgut 1 r per minute., The dose was measured at the surface of the patlent,

incident radiation plus backscatter). During the interval of his total body

irradiation, he received 2 single treatments; one of which was to the right
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ingulial reglion, through an 8 x 12 cw. fleld, 282 r tumor dise In a single

! treatment. The other was to the left submandibular area through a 10 x 19 cme e

) field, 700 r tumor dose in 2 sirgle treatment. The relationship of the blood ' ~

counts to treatment throughout this period is given in fiqure 22,

Clinical courses The palpable lymphadenopathy always responded quite

readily to radlotherapy throughout the entire time of his treaiment. The

hesoglobin remained at near normal levels until late July 1957 when it began

to fall, The platelet count remained normal until August 1957 »ad §t then

’ began to fall,

The differential count of the white blood cel. remalned about ..

30 per cent lynphocytes and 50 per cent segmented cells until his last admis-

sion when the cells became predominatelr lymphocytes and of those, the pre- -
doainate cell was the lymphoblast.

He was admitted twice for transfusions, once in Auqust, 1957 and again

in October, 1957. During his last adaission from November 18, 1957 to Decenber DR

8, 1957, he received 4 transfusions ard was on Meticorten, 10 mg. every 6 hours,

During his last admission, his white blosd cell count began to rise and reached '~ .~

the level of 20,000 at the time he expired.

Bone marrow studies on the day

before death showed many lymphoid cells, few granulocytic cells and no erythroid
precursor cells,

Post-morten exxination on this patient showed the followings

1) lymphosarcoma, lymphocytic type, 2) lymphatic leukemia, chronic, 3) leukemic

infiltration of the liver, spleen and kidneys, 4) hypoplastic anemia. Repre-

sentative samples of each of the tissues from this man's post-mortem exaulnation

-"’_’"J. AN
)

have been sent to ths Armed Forces Institute of Pathology to Col. Carl Tessmer

for examlnation.
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.c Comments This elderly man with clinically evident lymphosarcoma

‘ disgnosed on tissue apeciments, with obvious palpable nodes and no particular
sysptoms or any discomfort which kept him from his normal activities except
for the final anemia which brough him to the hospital on his last admission,
E Except for the abnormally low constant level of his white blood count, he
retained a normal blood picture throughout until the terminal snemia. He was
treated with total body rediation in divided doses and localized radiation

; to enlarged lymph nodes over a period of 8 months., He developed a hypoplastic
] anemia and a picture of lymphocytic leukemia at the time of his death which

| was clinically of the acute type and at post-mortem examination showed the

histological behavior of a chronic leukemfa. The major possibilities for this

picture ares

1) End stage lymphosarcoma with the picture of a so-called leukosarcoma.

2) Chronic lymphocytic leukemia which remained aleukemic until the terminal
s stage and then becane acute in behavior. This 1s quite a normal course for
l chronic lymphocytic leukemia whether the patient receives cﬁemothorapy or
. radiation therapy, or no therapy,
‘ 3) Irradiation produced mutation in the usual course of lymphosarcoma mani-
i ’ festing itself as loukemia in the final stages,

The evaluation of effects of radiation in the blood dyscraslias and

L lymphomas is most difficult when the major marker 1s the blood count itself,

_,.,

This will vary with both irrsdiation and with the primary disease,

A In regard LB

"" to the terminal anemia that this man had, this also is seen in both the K ;_:‘ o

' terminal phase of blood dyscrasias from crowding of the bone marrow and in
total body radlation but at higher levels than this man received. ‘ AR .
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Case 6, B. P. C/M Ages59  #115449

Histerys This wuscular rice warehouse worker complained of shortness

of breath for 6-7 wreks and left chest pain for 3-4 weeks., Left vpper lcbe
pneumonia was diagnosed on 3/22/%7 and treated with antibiotics. He was
discharged from hospital on the fifth day after admission, He was reidnitted
with recurrence of cough and chest pain on 4/1/57. The area of consciidation
of the left upper lung fleld had increased and cavitation had developed. A
diagnosis of squamous cell carcinoma of the lung was made by needle bicpsy
on 4/10/57 and the patient was referred for radiatherapy.

) Treatments 4/15/57 - 150r total body irradiation (2 MeV x-ray, rotation
method, dose measured in air and axis of rotation, 4.4 megagram roentgens
integral dose). 4/17/57 —~ 4/22/57 - 1200r tumor dose delivered to a lesion
in the left upper lung field (opposing 15 x 15 cm. .lelds, 250 Kv radiation,

Hvl, 2,2 mm. Cu., integral dose 5.4 mg/r)a

Clinical courses Following total body radiation, there was no malaise,

nausea or symptoms of any kind., The patient was transported by ambulace

e Sl S
R .

between the hospital and the building housing the 2 MeV Van de Graaff. He was

’ under close observation for a period of three hours following radiatica. The
exposure was over a period of 40 minutes, from 3100 to 3140 p.m. He ate a
E\ normal hospital evening meal at 5130 p.m. and slept soundly through the night
t. ) without medication of any kind. On the first post-radiation day, ro change in
—. his condition could be observed. He reported no untoward symptoms, %is appetite
was normal and he was up and about hospital ward as he had been prier toradfation. .
E:_f:_: ‘ On the second hospital cay following total body radiation, local therapy
i L to the carcinoma of the lung was begun and he received a daily dose of 200r

’»‘f'.-:. during the next week as above described, He showed no change durin; <his peried.
He tolerated treatment well without neausea and with no change in strzagth or

appetite, Treatment was interrupted at this time in accordance with a policy

" .t . . -
S - .
b CINEY

- . IR R , i . e A
[ . T I -, R e S R R oo L
) WE _L\-'_'_"..L“-l\_ DT, “I T PO DR DL U I R S UMM WP DRI SRR PR MR WU AP a3 aa




B s

- - .- oo
N e .
o .

i
«

S

19"
. R

.-
3

-2%-

of awaiting the effects of Inftial treatment so that clearing of pneumcnia and
regression of tumor would permit more precise localization; the use of smaller

treatment flelds and the treatment of a smaller volume of tissue.

On May 1, 1957, while still In hospital, he first showed cerebral ST

i1
’
El
: -
.4 A

symptoms and stiff neck. The first clinical suspicion was cerebral metastases " e N
and on May 2, 1957, an electroencephalogram was made but this was normal. The ‘ A T:‘ :
clinical symptoms of meningitis developed and this was now associated with i L f’ . %

leukopenia and thrombocytopenia as shown in Figure 23, There were no electro-
phoretic studies done on the plasma protein fractions throughout his entire
hospital and clinic visits. Treatment by antibiotics for the meningitis and
by transfusion and Cortisone for the leukopenia and thrombocytopenia did not
alter the clinical signs or symptoms.. No bleeding tendency developed. He
became terminal and died on May 12, 19%7.

Post-eortem showed a purulent menirqitis, bilateral bronchial pneumonia,
squamous cell carcinoma of the lung and bilateral adrenal atrophy. Tissue

blocks from this post-mortem examination has been sent to Col. Carl Tessmer of

the Armed Forces Institute of Pathology for study.

Comments The importance of this case lles in its bearing on the concvpt

of minimal lethal dose. The 150r total body radiation that this patient received

and the additional 1200r tumor dose (delivered to the site of the primary lung S e
cancer) were not considered as an amount of radiation that would even approach e 9 )

AR ST
the local or systemic tolerance level. The plan of treatment based upon ¢::r RONEA, _\‘

estimate of normal tolerance would have been to ad at least an additional R : ‘\-
3,000r tumor dote to the primary lung cancer. The falling white and platele: N . R . .:
counts first noted on May 1, 1957 was at first surprising but not alarming. T L
The interpretation of cerebral symptoms as probable corebral metistaces dis- : . ‘
tracted attentien from the possible significance of leukopenia Indicating a —i:
e e W
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hazard of infection. On recoqgnition of the infection, an intensive regime

4
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of antiblotic therapy falled to control his complication which was the cause f,':
of his death. g e
,..__._.._W..,.ﬂ...]
There are four possible interpretations heres ) . -@. sz
1. The amouni of radiation the patient received represents a minimal lethal M e
Sl
dose and that death is a direct result of radiation. ST 1

2, The patient did have a dysgammaglobullinemia and the susceptibility to AL
infection which with the added stress of radiation, was responsible for the
train of events leading to his deathe

3. The patient, having an overwhelming infectlon such as pneumococcus meningitis

linked with the effect of total body raaiation, manifested the extreme leuko- ; . .

!
|
I
i
{
}

penia which indicated his very poor resistence to the infection and therefors B .:-_'.
zesulted in his death. AR

4, This patient suffered from a disorder manifested as a dysgammaglobulinemia, -n_._._- :

3
s e .-"" a . )
da'ata s’s _JALL.L'J_AAL!.‘ - _‘,A'..._A.J i

a low resistence to infection which was the participating factor in the terminal
meningitis, and that the assoclation with the partlal course of radliation was

coincidental. The question cannot be settled for this case.

' The bearing of this study to tolerance to radlation is tc indicate that
when very large numbers of the population are subjected to radiation as in the
event of the atomlic disaster, we must be prepared to accept a very low amount
of radiation as the minimal lethal dose, even less than 100r. This 1s beccuse
there will be individuals with either manifest or occult competing disease
whose demise will either coincide with exposure to razdlation or may be hastened

'I by or ascribed to radlation.

The maximum lethal dosv will not be aitered by the presence of ill or

vulnerable individuals in the radiated group and there are no known fac:lors

other than sn error in dosimetry which would increase thz value by which one o j'.'-._ ) N
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might estimate the maximum lethal dose,

The LD 30 will be diminished by factors depressing the minimal lethal ‘le;.‘w‘l
dose and it {s doubtful if any estimate expressed as a single value has worth-

while meaning unless the spectrum of health and disease in the radiated popu- Tt

lation can be closely appraised,

CONCLUSION AND FUTURE S
1. The dosimetry of radlation exposure is of particular importance for the
comparison of technics in different institutions, for the comparison of
clinical and laboratcry observations and for relating radiation effects umder
these circumstances to those which might be encountered under flield conditiona.
It should not be anticipated, however, that ever increasing precision of phy;lcal
measurements will contribute importantly to the study until the biolegic response RO,
tn radiation can be measured with equal precision. This is not to say that physica: ‘;.f; ;

measurements are unimportant by any means. The care with which they are recorded

will permit duplication of the conditions of radiation exposure in different
institutions and will permjt the re-evaluation in the future should a change in
biologic measurement become available.

2. In the attempt to find a Quantitative relation between physical dosimetry

and biologic response to radiation, iron metabolism and hematopoiesis have been ran}:;;i;i':: ’
studied extensively. At levels below 200r total body radlation in a single
exposure, some intexference is detected with the disappearance of injected radio-
iron, but the utilization is not altered in any usefully sensitive degree. This
is at odds with the findings of Hennessy and Huff who detected changes in rats
at levels as low as 25r. This basic work must be repeated.

Gastro-intestinal function may lend itself to quantitative estimation of
injury.

The sensitivity of the gastro-intestinal mucosa 1s well decumented from

symptomatology of rad.ation sickness and by pathologic studies of gross and
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microscopic studies. Several radiotctive tracers have in recent years been

employed in measurement of gastro-iniestinal absorptive capacity. These are

1-131 labeled serum protein (RISA), 1-131 laleled fat and fatty acids, and Co-60
labeled vitamin Byp. We propose to study a series :f patients receiving whole
body radiation or large abdominal fleld radiatlon therapy. A pre-treatment

test will serve as control of subsequent studlies to be carrled out at different

p f,""r"“i‘n"_ ieovs
N “ . e ‘ S

intervals atter the radiation exposure,

3. The availabllity of a heart-lung preparation used in cardiac surgery made

possible the study of intensive radiationof blood in extra-corporeal circulation.
One observation was that when plasma from doqs so irradiated was given to nommal

animals, this was followed by a sustained rise in hemoglobin and a radioiron

plcutre suggestive of a secondary polycythemia. This bizarre reaction has been

T
s .

duplicated and appears to merit further study.

i

4, Studies have been bagun on lethal dose of total body radlation In dogs.

The purpose here is to develop experience in technics of marrow transfusion

in preparation to extending this observation to primates.

i

AT

Se Continued observations on human patients receiving total body radiatioa

emphasize that the minimal lethal dose that may be ascribed to radiation will

‘E’ be lowered by the presence of concomitant disease. The presence of occult
factors which might be responsible for Increased susceptibility to infection or
undiagnosed anemia might lead to comp)ications and death associated with levels

of total body exposure of 100r or less,
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A comparison of Plasma Iron Disappearance Half Time

and Plasma Volume measured by the in vive ve
the in vitro tagging technique

Disappearance Half Time Plasna Voluse

Patients

in ml
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in vivo
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Case 1. 3.5, 70-w=f, Severe pernicious aneaia. Good response to vitamin

By, therapy. Developed hypoferremia, which responded to oral iron therspy.

Oct 55

Before Thex-aq;:vy During B,,

therapy

Mar 56

Maintenance By,
plus oral iron

Sept 56

Hemmoglobin (gxf)
Reticulocytes (%)

Serun iron (ug%)

Pe>9 Disappsar T/2 (min)
Red cell uptake (£ ih days)

L.9
0.7
163-176
32
2] in 14

10.2
16.3
33-38

77 4n &
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67in5
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3-21-56
2600
.4
4L6.0

Case 3

2-8-56

18-20
70-80
300-35C

Post-polio hypoventilation
1100

-
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Table 3

Caso 2
60-70
60-65

17-19

econdary Polycythemia

MR A S o
congenital heart

%

Serun iron ug¥
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Vital capacity ml

Hemoglobin grff

Hematocrit
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Department of Defense
Radiation Experiments Command Center
6801 Telegraph Road
Alexandria, Virginia 22310-3398

JUN 30 2000

Defense Technical Information Center
Attn: DTIC-OCQ

8725 Kingman Road, Suite 0944

Fort Belvoir, Virginia 22060-6218

Dear Sir:

The Department of Defense (DoD) Radiation Experiments Command Center (RECC) was
cstablished 1 response to the direciion of the 7 January 1994 Secretary ot Defense memorandum to
compile, review, catalog, - d retain documents and information pertaining human subject experiments
involving ionizing radiation. DoD RECC made documents and information available to the public after
proper reviews for classifications, personal privacy. or other release restrictions. The RECC 1s the
approving authority for the release of documents and information once the redacted material has been

extracted.

The documents in the following list have been revicwed and are now approved for release to the
public, i.e. DoD Distribution Statement A: '

AD 161955: A Study of the Effects of Total and Partial Body Radiation on Iron Metabolism and
Hematopoiesis

AD 202550: Study of the Post-Irradiation Syndrome in Humans

AD 332449: Preparation of O-Alkyl Alkylphosphonoazidothioates of the Type MEP (S) or N3
AD B969511: Preparation of 4-Benzylpyridine

AD 114826: Preparation of V Agents in Aqueous Medium

AD 521703: RW Decontamination and Land Reclamation Studies

AD 596085: Static ['est of Full-Diameter Sectional Munitions, E83, DPG RW 1-53

AD 521702: Dynamic Test of Spherical Radiological Munitions

AD 521701: Static Test of Four Segments of Full-Diameter Sectional Munitions, E83

This information is provided to vou so that you can update your records. If you have any questions, please
call me at (703) 323-2407.

Sincerely.

ML Lns

D. M. Schaeffer
Program Manager
Radiation Experiments Command Center



